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C-reactive protein/albumin ratio as prognostic score
in oral squamous cell carcinoma
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Abstract (J Korean Assoc Oral Maxillofac Surg 2016;42:243-250)

Objectives: Many studies have examined histopathological factors and various prognostic scores related to inflammation to predict outcomes. Here,
we examined the prognostic value of the C-reactive protein/albumin (CRP/alb) ratio in oral squamous cell carcinoma (OSCC).

Materials and Methods: This retrospective study included 40 patients with OSCC. Using univariate and multivariate analyses, we focused on the
correlation of the CRP/alb ratio with clinicopathological characteristics and with overall survival. We then compared five inflammation-based prog-
nostic scores, CRP/alb ratio, modified Glasgow Prognostic Score (mGPS), neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and
prognostic nutritional index (PNI), based on receiver operating characteristic (ROC) curves.

Results: The optimal cut-off value for the CRP/alb ratio was 0.085. The group with a high CRP/alb ratio had a high TNM clinical stage (P=0.002) and
larger primary tumors (P=0.029), with statistically significant differences in lymph node metastasis and distant metastasis. In addition, when the CRP/
alb ratio was high, multivariate analysis showed a lower survival rate (P=0.002; hazard ratio=6.078), and the ROC curve showed more outstanding dis-

criminatory ability regarding overall survival compared to other inflammation-based prognostic scores.

Conclusion: The CRP/alb ratio can be an independent prognostic factor when predicting prognosis in OSCC and has good prognostic ability.
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I. Introduction

Oral cancers represent approximately 1.6% of all cancers
in Korea. The major type of oral cancer is squamous cell
carcinoma, which reportedly comprises 80% to 90% of all
oral carcinoma'”. Treatment can include surgery, radiation
therapy, and/or chemotherapy, but it is important to main-
tain functions of the head and neck and to consider aesthetic
aspects. Additional radiation therapy and chemotherapy are
used along with broad resection in advanced cancer”. In
order to determine relevant treatment options and to predict
patient prognosis, tumor-node-metastasis (TNM) staging sys-
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tems and lymph node metastasis are widely used".

It has been reported that, in various kinds of cancer, sys-
temic inflammation is related to a poor prognosis’. Many
studies are under way to assess the histopathological factors
and various prognostic scores related to inflammation as a
determinant of outcomes. In this context, a number of inflam-
mation-based prognostic scores have been introduced, in-
cluding the neutrophil-lymphocyte ratio (NLR), the platelet-
lymphocyte ratio (PLR), the modified Glasgow Prognostic
Score (mGPS), and the prognostic nutritional index (PNI)8'12.

Serological tests related to inflammation include neutrophil
count, lymphocyte count, C-reactive protein (CRP), and al-
bumin (alb). CRP is an acute phase response protein, and an
increase in CRP is related to a worsening inflammatory status
and progression of the cancer', whereas a decrease in alb
level is related to a chronic inflammatory state and poor nutri-
tional status'’. Recently, a new inflammation-based prognos-
tic score, the CRP/alb ratio, was introduced and is reportedly
comparable or superior to other inflammation-based prognos-
tic scores in predicting prognosis in malignant tumors such as

15-18

those of the liver and lung ™. However, whether or not the
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CRP/alb ratio correlates with prognosis in patients with oral
squamous cell carcinoma (OSCC) has yet to be determined.

We aimed to investigate the possibility of using the CRP/
alb ratio preoperatively as an independent prognostic factor
in OSCC and to compare the prognostic predictability of the
CRP/alb ratio with that of four other inflammation-based
prognostic scores.

Il. Materials and Methods

1, Study population

We reviewed the medical records of patients with a diag-
nosis of primary OSCC as a result of histopathological tests
carried out at the Department of Oral and Maxillofacial Sur-
gery of Dankook University Dental Hospital from May 2004
through December 2011. Patients were excluded from the
sample if they had no preoperative serological indicators, had
died from causes other than cancer, had insufficient informa-
tion regarding follow-up, had disorders such as rheumatic
diseases or acute inflammation that might have affected the
inflammation-related indicators, had a history of oral cancer
treatment, or had primary malignant tumors located in other
than the oral or maxillofacial area. Our final study cohort in-
cluded 40 patients.

2. Clinical information

Along with basic information such as the age, sex, height,
weight, and medical history, postoperative histopathological
specimens were used to classify the clinical stage based on
location of the primary tumor, the degree of differentiation,
and the TNM staging system (American Joint Committee on
Cancer, 7th edition)w. Tumor size was defined as the longest
part of the resected specimen, and lymph node metastasis was
confirmed by the presence or absence of the affected lymph
node within the specimen, and distant metastases overall
were diagnosed through histopathological tests on areas sus-
pected to be involved.

3. Serological indicators and inflammation—based
prognostic scores

White blood cell, neutrophil, lymphocyte, platelet count,
and levels of CRP and alb constituted the serological indica-
tors of inflammation, and the inflammation-based prognostic

scores were defined as follows; 1) mGPS, based on the levels
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of CRP and alb: 0 for CRP <1 mg/dL, 1 for CRP >1 mg/dL
and alb >3.5 g/dL, and 2 for CRP >1 mg/dL and alb <3.5 g/
dL; 2) NLR, obtained by dividing the neutrophils (count/
uL) by the lymphocytes (count/ul); 3) PLR, obtained by
dividing the platelets (count/uL) by the lymphocytes (count/
uL); 4) PNI, derived using the following equation: 10xalb
(g/dL)+0.005xlymphocyte (count/uL); and 5) CRP/alb ratio,
obtained by dividing the CRP level (mg/dL) by the alb level
(mg/dL).

In each case, the preoperative inflammation-based prog-
nostic score was used to avoid the possible effects of surgery,

radiation therapy, and chemotherapy.

4, Treatment and follow—up

When radical excision was necessary, depending on the
TNM clinical stage, reconstruction was undertaken at the
same time as the surgery. When the clinical stage was ad-
vanced (T3 or T4) and the histologically determined degree
of differentiation was low and when metastasis was con-
firmed, postoperative radiation therapy with or without con-
current chemotherapy was carried out. Follow-up lasted from
the date of the diagnosis of OSCC to the date of death or the
date when follow-up was terminated.

5. Statistical analysis

In order to identify risk factors that affected overall sur-
vival, we used the Kaplan-Meier method to calculate survival
curves, taking into account characteristics such as sex, age,
TNM clinical stage, size of the primary tumor, degree of
differentiation, and inflammation-based prognostic scores.
Univariate analysis was carried out using log-rank test to de-
termine statistically significant differences in survival rates.
Continuous variables such as age and size of the tumor were
converted to a dichotomous variable, with the average pro-
viding a basis for analysis.

Inflammation-based prognostic scores for the CRP/alb ra-
tio, PNI, NLR, and PLR were divided into two groups based
on optimal cut-off values obtained from receiver operating
characteristic (ROC) curves, and the results were compared.

The effects of all risk factors were considered using the
Cox proportional hazards model. For factors that showed
statistically significant results based on the log-rank test, we
used multivariate analysis to identify variables that affected
overall survival. The optimal cut-off value for the CRP/alb

ratio regarding overall survival was set according to the web-



based program designed by Budczies et al.” (http://molpath.
charite.de/cutoff/), and this cut-off value was used to classify
the patients into two groups—one with a high CRP/alb ratio
(>0.085) and one with a low CRP/alb ratio (<0.085). Clini-
copathological characteristics were compared between the
two groups by means of the Mann-Whitney U test or Fisher’s
exact test, depending on the type of variable.

In order to compare the discriminatory ability of the CRP/
alb ratio and the other inflammation-based prognostic scores
regarding overall survival, we determined the area under the
curve (AUC) using the ROC curve and evaluated the signifi-

cance.

CRP/alb ratio as prognostic score in OSCC

All statistical analyses were performed using IBM SPSS
Statistics version 21.0 (IBM Co., Armonk, NY, USA), and
P-values lower than 0.05 were considered statistically signifi-
cant.

Ill. Results

The mean age at the time of diagnosis was 66 years (range,
31-83 years), and the sample included 27 men (67.5%) and
13 women (32.5%). In terms of TNM clinical stage, 10 tu-
mors (25.0%) were classified as stage I, 7 (17.5%) as stage II,
6 (15.0%) as stage III, and 17 (42.5%) as stage IV. Primary

Table 1. Prognostic factors of overall survival, as identified by univariate and multivariate analyses (n=40)

Univariate analysis

Multivariate analysis

Characteristic
Value P-value Hazard ratio (95% CI) P-value
Time of diagnosis 0.371
Mean age (yr) 66 (31-83) -
<066 yr 21 (52.5) -
>066 yr 19 (47.5) -
Sex 0.059
Male 27 (67.5) -
Female 13 (32.5) -
TNM 0.011*
1 10 (25.0) -
11 7(17.5) -
1 6 (15.0) -
v 17 (42.5) -
CRP/alb ratio <0.001°* 6.078 (1.971-18.743) 0.0027%*
<0.085 27 (67.5) -
>0.085 13 (32.5) -
mGPS <0.001°*
0 37 (92.5) - 0.044*
1 2 (5.0) 4.949 (0.835-29.329) 0.078
2 1(2.5) 36.324 (2.33-566.372) 0.01*
NLR 0.417
<1.888 23 (57.5) -
>1.888 17 (42.5) -
PLR 0.025% 4.827 (1.457-45.984) 0.01*
<124.8 20 (50.0) -
>124.8 20 (50.0) -
PNI 0.002%*
<50.55 16 (40.0) -
>50.55 24 (60.0) -
Size of primary tumor (cm) 0.037%*
<28 19 (47.5) -
>2.8 21 (52.5) -
Lymph node metastasis 0.03*
No 30 (75.0) -
Yes 10 (25.0) -
Distant metastasis 0.079
No 37(92.5) -
Yes 3(7.5) -

(CRP/alb: C-reactive protein/albumin, mGPS: modified Glasgow Prognostic Score, NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte

ratio, PNI: prognostic nutritional index, CI: confidence interval)
*P<0.05.
Values are presented as mean (range) or number (%).
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tumors were located on the lips in 2 patients (5.0%), on the
buccal mucosa in 3 patients (7.5%), on the floor of the mouth
in 3 patients (7.5%), on the palate in 6 patients (15.0%), on
the tongue in 8 patients (20.0%), on the gum in 12 patients
(30.0%), in the maxillary sinus in 2 patients (5.0%), and on
the retromolar pad in 4 patients (10.0%). Six of the patients
(15.0%) underwent radical excision only; the other 34 pa-
tients (85.0%) were treated with both radical excision and
reconstruction. Based on histological findings in the resected
specimens, the tumors averaged 2.8 cm in size and consisted
of carcinoma in situ in 1 patient (2.5%), well-differentiated
tumors in 24 patients (60.0%), moderately differentiated tu-
mors in 14 patients (35.0%), and poorly differentiated tumors
in 1 patient (2.5%). Lymph node metastasis was observed in
10 patients (25.0%), and distant metastases (all to the lung)
were present in 3 patients (7.5%).

The mean follow-up period was 35.58 months, and 17
patients (42.5%) died during the follow-up period. Table 1
shows the results of both the univariate analysis, comparing
overall survival using the Kaplan-Meier method and log-rank
test, and the multivariate analysis, using Cox proportional
hazards model.

The group with high CRP/alb ratio showed a significantly
higher overall survival (P<0.001).(Fig. 1) In addition, factors
that showed statistically significant results were TNM clini-
cal stage (I, II, III, or IV), mGPS (scores 0, 1, or 2), PLR (<
124.8 or >124.8), PNI (<50.55 or >50.55), size of primary
tumor (<2.8 or >2.8 cm), and lymph node metastasis (yes or

no). Based on the Cox proportional hazards model, CRP/alb
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Fig. 1. The overall survival curves according to the pretreatment
C-reactive protein/albumin (CRP/alb) ratio. Compared with a lower
CRP/alb ratio, a ratio of >0.085 was associated with significantly
worse overall survival (P<0.001).
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ratio (hazard ratio=6.078; P=0.002), mGPS, and PLR were
independent prognostic factors of overall survival.

The mean CRP/alb ratio was 0.137 (range, 0.005-1.124).
Using the cut-off finder, we determined that the optimal
cut-off value of the CRP/alb ratio should be 0.085, with a
sensitivity of 64.7% and a specificity of 91.3%. The cut-off
values of the other inflammation-based prognostic scores
were also found; NLR was 1.888, PLR was 124.8, and PNI
was 50.55. Based on the cut-off value of CRP/alb ratio, the
patients were classified into two groups: those with a high
CRP/alb ratio (>0.085) and those with a low CRP/alb ratio (<

Table 2. Interrelation of CRP/alb ratio with clinicopathological
characteristics (n=40)

Characteristic CRP/alb <0.085 CRP/alb >0.085 P-value
Sex 0.072
Male 21 6
Female 6 7
Mean age (yr) 64.3 63.5 0.932
TNM stage 0.002%*
1 9 1
I 7 0
I 5 1
v 6 11
T stage
T1 10 1 0.002*
T2 8 0
T3 3 2
T4 6 10
N stage 0.006*
NO 24 6
N1 3 7
N2 0 0
N3 0 0
M stage 0.029%*
MO 27 10
M1 0 3
Mean tumor size (cm) 2.4 34 0.029*
Degree of differentiation 0.386
In situ 0 1
Well 15 9
Moderately 11 3
Poorly 1 0
Mean PNI 53.41 47.96 0.002*
Mean NLR 1.93 1.94 0.711
Mean PLR 125.14 130.87 0.568
Mean WBC 6.32 6.70 0.407
mGPS 0.029*
0 27 10
1 0 2
2 0 1

(CRP/alb: C-reactive protein/albumin, PNI: prognostic nutritional
index, NLR: neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte
ratio, WBC: white blood cell count, mGPS: modified Glasgow
Prognostic Score)

*P<0.05.

Values are presented as number of patients or mean.
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0.085); 27 patients (67.5%) were included in the high-CRP/
alb ratio group and 13 patients (32.5%) in the low-CRP/alb
ratio group. Table 2 compares the clinicopathological charac-
teristics of these two groups using the Mann-Whitney U test
or Fisher’s exact test.

There were no significant differences in sex or degree of
tumor differentiation (P>0.05). However, in the group with
the high CRP/alb ratio, TNM clinical stage was advanced
(P=0.002), the primary tumor was larger (P=0.029), and the
probabilities of lymph node metastasis (P=0.006) and distant
metastasis (P=0.029) were high.

Regarding overall survival, we evaluated the discrimina-
tory ability of the inflammation-based prognostic scores other
than the CRP/alb ratio by comparing the values of the AUC
to determine statistically significant differences using the re-
ceiver operation characteristic (ROC) curves corresponding
to follow-up observations at 6, 12, and 24 months.(Table 3,
Fig. 2) The longer was the period of observation, the greater
was the decrease in AUC values for the CRP/alb ratio. At all
follow-up examinations, the values of the CRP/alb ratio were
higher than those of the other inflammation-based prognostic
scores, and the CRP/alb ratio was the only variable with a P-
value less than 0.05.

Table 3. Comparison of the AUC of the five inflammation-based
prognostic scores

Prognostic score AUC 95% C1 P-value
6 mo
CRP/alb ratio 0.897* 0.784-1.000 0.002*
mGPS 0.750 0.485-1.000 0.053
PLR 0.382 0.159-0.606 0.363
NLR 0.691 0.505-0.877 0.140
PNI 0.172 0.035-0.308 0.011
12 mo
CRP/alb ratio 0.809* 0.607-1.000 0.008*
mGPS 0.688 0.446-0.929 0.105
PLR 0.508 0.283-0.733 0.946
NLR 0.660 0.487-0.834 0.166
PNI 0.191 0.008-0.055 0.008
24 mo
CRP/alb ratio 0.790* 0.608-0.972 0.005*
mGPS 0.636 0.424-0.849 0.188
PLR 0.608 0.408-0.808 0.296
NLR 0.583 0.402-0.765 0.422
PNI 0.207 0.040-0.374 0.005

(AUC: area under the curve, CI: confidence interval, CRP/alb:
C-reactive protein/albumin, mGPS: modified Glasgow Prognostic
Score, PLR: platelet-lymphocyte ratio, NLR: neutrophil-lymphocyte
ratio, PNI: prognostic nutritional index)

*P<0.05.
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IV. Discussion

Inflammation represents a systematic reaction to malig-
nancy when tumor cells secrete certain substances. When
immune cells infiltrate the tumor tissue, the inflammatory re-
sponse affects tumor progression. As these cells interact with
each other, they cause tumor development to either accelerate
or regress’

Various mechanisms are involved in the relationship be-
tween inflammation and malignancy. First, growth of or in-
vasion by a tumor can cause inflammation. Second, necrosis,
tumor hypoxia, or local tissue damage can induce an inflam-
matory response. Third, tumor cells or lymphocytes related
to the tumor can generate inflammatory cytokines, such as tu-
mor necrosis factor (TNF), interleukin (IL)-1, IL-6, IL-8, and
vascular endothelial growth factor, and these inflammatory
mediators induce growth, invasion, and metastasis; inhibit the
immune reactions; and increase resistance to cytotoxic medi-
Cine7,23,24.

Among the different indicators related to inflammation,
CRP is an acute phase protein. In response to an inflamma-
tory trigger such as injury, cardiac disorder, or malignancy,
CRP level increases. Of the pro-inflammatory cytokines that
mediate this increase (e.g., IL-1, IL-6, and TNF), IL-6 is

the most important™”’

. In a malignant tumor, inflammatory
cells act as early intrinsic defense mechanisms to resist the
tumor; however, as the inflammation becomes chronic, it has
a negative effect, resulting in tumor angiogenesis and DNA
damage—both of which increase CRP level™. Hence, a pre-
operative increase in CRP can be used to predict prognosis in

»% According to Khandavilli et al.",

various kinds of cancers
patients with OSCC who demonstrated increased CRP level
prior to surgery had reduced overall survival, larger tumors,
and more advanced stages, which, when associated with CRP
level, increased the prognostic power.

The relationship between inflammatory response and nu-
tritional status has been confirmed in many studies. Albu-
min, as a chronic phase protein, is an indicator of a patient’

s nutritional status and inflammatory status’ ™

. Systemic
inflammation, followed by a decrease in alb level, results in
poor performance, weight loss, and nutritional deficiency,
all of which negatively affect the prognosis of patients with
cancer”’. Metgud and Patel” have proposed that serum alb
decreases in premalignant oral lesions and malignant tumors
and may have a role in early diagnosis and prognosis.

To evaluate the relationship between inflammatory re-

sponse and tumor development, researchers have recently in-
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troduced the use of inflammation-based prognostic scores, as
determined by means of general serological indicators such as

*** The initial study

neutrophils, lymphocytes, CRP, and alb
related to the CRP/alb ratio involved a patient with a severe
illness. In assessing the prognosis of patients admitted to an
acute medical unit, Fairclough et al.¥ noted that the CRP/alb
ratio is a better indicator upon exacerbation of chronic dis-
eases among older patients. Ranzani et al.* proposed that the
CRP/alb ratio can be an independent risk factor in predicting
prognosis in septic patients and showed that the results were
more consistent than when CRP alone was used.

Recent studies have found that the CRP/alb ratio has good
prognostic ability in various kinds of cancer. Kinoshita et al."
demonstrated that the CRP/alb ratio could be an indepen-

dent prognostic factor and had comparable prognostic value
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Fig. 2. Comparison of area under the curve (AUC) for outcome
prediction among the five inflammation-based prognostic scores
at 6 months (A), 12 months (B), and 24 months (C) of follow-up.
The overall survival curves according to the pretreatment CRP/alb
ratio. Compared with a lower CRP/alb ratio, a ratio of >0.085 was
associated with significantly worse overall survival (P<0.001). (NLR:
neutrophil-lymphocyte ratio, PLR: platelet-lymphocyte ratio, CRP/
alb: C-reactive protein/albumin, PNI: prognostic nutritional index,
mGPS: modified Glasgow Prognostic Score)
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compared to other inflammation-based prognostic scores in
patients with hepatocellular carcinoma. Analogous results
were reported by Zhou et al.' in patients with small-cell lung
cancer and by Xu et al." in esophageal cancer. The optimal
cut-off value for CRP/alb ratio of hepatocellular carcinoma,
small-cell lung cancer, esophageal squamous cell carcinoma
and OSCC is 0.037, 0.441, 0.095""**' and 0.085, respective-
ly. There are various cut-off values according to the kind of
cancer. Although these other studies showed that the CRP/alb
ratio had similar prognostic ability to other prognostic scores,
the CRP/alb ratio had a better prognostic value in this study.
In the hopes of predicting prognosis in patients with
OSCC, we conducted the first study designed to examine the
clinicopathological and prognostic value of the CRP/alb ratio.
In our study of 40 patients with OSCC, we found statistically



significant relationships between the CRP/alb ratio and some
important clinicopathological characteristics, indicating that
the CRP/alb ratio is valuable in predicting prognosis.

On univariate analysis, all inflammation-based prognostic
scores except NLR showed statistical significance; however,
in the multivariate analysis, which considered confounding
variables, the CRP/alb ratio, mGPS, and PLR were deter-
mined to be independent prognosis factors. In the group with
a high CRP/alb ratio, the risk of death was 6.078 times higher
than in the group with a low CRP/alb ratio.

According to the ROC curve, the CRP/alb ratio had far bet-
ter discriminatory ability than did the other prognostic scores
with regard to overall survival. The AUCs for the CRP/alb
ratio at 6, 12, and 24 months were all larger than the AUCs
of the other inflammation-based prognostic scores, and those
scores that excluded the CRP/alb ratio were not statistically
significant. A notable point is that the AUCs of the CRP/alb
ratio and of the mGPS, which is determined using CRP and
Alb values, are larger than those of the NLR and PLR, which
is a white blood cell-based prognostic score. This indicates
that the CRP-based prognostic score is better than the white
blood cell-based prognostic score. Proctor et al.” proposed
that using neutrophils or platelets along with the mGPS could
strengthen predictability; regarding the CRP/alb ratio, this
conjecture should be tested in additional studies.

The inflammation-based prognostic scores that use CRP
and alb include the mGPS and the CRP/alb ratio, but the
results of these tests differ. Many researchers have shown
that the mGPS had good prognostic ability in various kinds
of cancers” ™. However, in our study, 37 of the 40 patients
(92.5%) had an mGPS score of 0, and patients with a CRP
level above 1 mg/dL were very rare. Unlike the CRP/alb ra-
tio, the mGPS separates the values of CRP and alb and evalu-
ates them independently by categorization, so it is possible
to underestimate or overestimate a patient’s prognosis. In our
study, therefore, use of the mGPS to predict the prognosis
of the patients with OSCC might not have been appropriate
because this test indicated worse outcomes than did the CRP/
alb ratio.

Our study had many limitations. First, the findings were
retrospective and involved a sample that was relatively small
and derived from a single institution. In addition, the cut-off
value we chose for the CRP/alb ratio is not generalizable to
all patients with OSCC. Because the optimal cut-off values
for this ratio differ depending on the type of cancer and the
institution, a meta-analysis is necessary to evaluate the prog-
nostic value of the CRP/alb ratio in OSCC.

CRP/alb ratio as prognostic score in OSCC

The results of this study confirm that the CRP/alb ratio is
an independent factor for predicting prognosis in patients
with OSCC, and it produces better results than other inflam-
mation-based prognostic scores we examined. Prospective
studies with larger sample sizes are needed to further explain
the role of the CRP/alb ratio as a prognostic indicator in oral

and other cancers.

V. Conclusion

In terms of clinicopathological characteristics, the group
with a high CRP/alb ratio showed an advanced TNM clini-
cal stage (P=0.002), larger primary tumors (P=0.029), and a
statistically significant difference in lymph node metastasis
and distant metastasis. In addition, on multivariate analysis,
a high CRP/alb ratio was related to a lower survival rate
(P=0.002; hazard ratio=6.078), and the associated ROC curve
showed that the CRP/alb ratio had much greater discrimina-
tory ability regarding overall survival than did the other in-
flammation-based prognostic scores. Consequently, the CRP/
alb ratio could more effectively predict the prognosis of pa-
tients with OSCC and is simple and inexpensive to measure;

hence, it should be considered a useful prognostic indicator.
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